






































































































































International Halon Replacement Working Group

measurement in the test without the fire would correspond to the extinguishing
pertormance in the test with the fire.

As stated in 1.2.1.2, in aircraft engine nacelles, fuel and ignition sources may
still be available alter the initial extinguishment of fire and a re-ignition of fire
is possible. Surface temperature of a strategic location in the vicinity of the fire
should be monitored to gain further understanding of the extinguishment
process.

The second type of tests are system validation tests. They will apply to awrcraft
specific designs in a manner similar to Halon 1301 systems. They will verity the
effectiveness of the specific delivery system in transporting the required quantity
of the agent at the potential location of the [ire. Thus, the agent evaluation tests
will provide the basis for: (1) the design and engineering of the system and (2) the
system validation tests.

‘The test methods proposed here address the first type of tests. These tests should
be planncd and conducted so as to provide complete data for stating the
performance criteria for successful fire extinguishing agents/systems.
2.1 Test Apparatus

2.1.1 Aircralt Engine Compartment Simulator

EFor the purpose of these tests, the engine compartment (nacelle) simulator
should have an annular fire zone having a minimum volume ot 65 cubic feet
and a minimum cross sectional area of the annulus of 5.5 square feet, both
before reductions due to clutter simulation. It should be equipped to
simulate test parameters described in 2.2.1. The inner cylinder in this
configuration will represent the engiue case. The test section must be
equipped to allow a real time visual indication of fire. A schematic diagram
of a simulator is shown in Figure 1. The agent distribution systcm must be
capable of extinguishing fires within the overall zone or in any isolated
location within the firec zone. ltmustbe possible to demonstrate the currently
acceptable level of satety with Halon 1301. That is, it should be possiblc to
achieve 6 % volumetric concentration of [Lalon 1301 lor 0.5 sccond in the
entire zone. The facility must provide simulation of a flaring tire (leaking
tucl stream on fire, also called spray fire) and a residual tire (baffle stabilized
pan fire due to ignition of accumulated fuel in some part of the fire zone).
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‘The size of the zone was sclected on the basis of the range of tire zonc sizes
of actual aircratt installations and considerations for a practical simulator
where physical parameters can be properly simulated and controlled. If an
agent/system is successtul with a fire zone of this size, it is highly likely to
be successtul in both larger and smaller zones with appropriatc agent
quantities and system designs. The purpose here is to define the minimum
performance standards with probable fire scenarios in a typical fire zone.
As statcd in 1.2.1, it is not necessary to have a fire everywhere in the zone.
However, there may be specific applications which may bencfit trom thesc
test data but may require additional considerations which are not a part of
these minimum performance standards,

A scparate simulator for APU compartments is not necessary because
experience in recent testing by the U. S, Air Force has shown that the
requirenicnts developed lor the engine compartment provide equal orhigher
level of safety tor the APU compartment.

2.2 Test Conditions
2.2.1 Engine Compartment Test Paramcters

A number of tests will be necessary to cover the range of conditions.
Depending on thesc couditions, different amounts of agent might be
required to establish the extinguishing concentration.

2.2.1.1 Aurflow Rate

At least two internal (ventilation) airflow rates should be sclected, one
each [rom the tollowing two ranges.

(a) High 2.5 - 3.0 [bm/sec.

(b) Low 0.2 - 0.9 lbm/scc.
Section 2.2.1.1 (a) corresponds to about 57 air changes per minute tor the
fire zone having 65 cubic feet volurne and 5.5 square feet cross sectional
area. For significantly ditferent volume and cross section, the airtlow
rates should be adjusted appropriately. These flow rates cover the
significant range of air flows in modern engine installations. This
information is based on a US Air Force survey. Note that ventilation
airflow is a commonly used term (or airflow through the enginc
compartment.
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2.2.1.2  Air Temperatures
At least two (ventilation) air temperatures of 100 °F and 400 °F.

The above temperatures cover a signiticant range of air temperatures in

enginc compartments.
Ventilation air temperature as low as —40 °F could exist in some cases
under cxtremely cold atmospheric conditions ut high altitudes.
However, under these conditions an engine ftire threat is extremely
unlikely due to low power demand from the engine, cold fucl and
relatively cooler surfaces in the lire zone. [n addition, these conditions
could delay the detection of a small fire which could result in an
increase in air temperature. These are adequate reasons to conclude
that this fire threat could be casily overcome by a system designed for
larger fire threats which arc likely when the air and surface
temperatures arc higher. Therefore, it is not necessary to simulate air
termperatures below the ambient conditions in the test facility.
[Towever, for consistency between tests conducted during different
ambient conditions, a controlled air temperature - is  preferred.
Therefore 100 °F is selected  to represent the lower end of the
temperature range.

2.2.1.3 Surface Temperature

At least a portion, about 2 feet long and encompassing a 90° arc, of the
surface of the test article simulating the engine core (inner cylindrical
surface) must attain temperature in the range 900 — 1300 °F The tests
to cstablish robust fires (Section 2.4) should begin with the highest
surface temperature in this range. Lower temperatures should be used
as a last resort parameter Lo adjust in trying to get successtul
extinguishment with Halon 1301, The surface temperature must be
monitored during the test. After initiating the discharge of the agent,
heating of the surface should be discontinued.

In a test, since the fire location would be close to this surlace, it could
attain higher temperature than the control temperature. As the fire begins
to be extinguished, this temperature may decrease. To represent an actual
situation in which the engine is shut down priorto the agentdischarge and

9/ 16

hkm/07.26.1996/IHRWG



International Halon Replacement Working Group

(o be able to observe the elfect of the agent on the lire, it is appropriafe
to turn the surface heating off as the agent is discharged in the test.

2.2.1.4 Clutter

The simulated blockage or clutter should have up to 50 % reduction in
the local cross sectional area and the resultant volume reduction,

The above estimate is based on visual inspection of clutter in actual
engine installations. It is possible that some installations have very high
clutter factors. The purpose here is to simulate clutter in a practical
manncr. For installations with high clutter, the system validation tests
will be more important where agent distribution ¢ven in such highly
cluttered zone must be praven. If the extinguishing concentration can be
achieved, the system would have the required level ol safety.

2.2.1.5 Fuel Parameters

A fuel (combustible fluid) flow rate of 0.1 to L gpm (gallon per minute)
at a controlled temperature of 150 °F should be provided. The fuel flow
rale should be adjusted to attain a five threat which 1s just bavely
extinguished by Halon 1301. The tests should begin with a high fuel flow
rate in the above range to establish robust fires (Section 2.4). Lower fuel
flow rates should be successively used if at higher flow rates [lalon 1301
cannot extinguish tires.

"This method would create a realistic fire threat to evaluate the agents. Tt
1§ possible that in some aircralt fire scenarios, the flow rate could be
higher than | gpm which could result ina spread of fire to a larger portion
of the zone. However, as it has been stated carlicr in this standard, if the
extinguishing concentration 1s present in the entire zone, the fire should
be extinguished everywhere.

‘The fucl flow must remain on before and after the discharge of the agent
to ensure that the extinguishment is the result of the action of the agent
and not due o lack of fuel. As the surfaces might still be hot, this
procedure (rather than [uel shut ol al the beginning of agent discharge)
would increase the chance of a re--ignited fire. Theretore, to address these
two concerns in a practical way, criteria for firc extinguishment is that

10/ 16

hkim/07.26. 1996/ IRWG




International Halon Replacement Working Group
{A) Engine Nacelle Simulator

48 fuch
diameter

diameter

FORWARD BAFFLES

90° BAFILE SIMULATING
GEAR BOX BLOCKAGE

'AFT BAFFLE

(B) Suggested Additional Clutter Simnulation

2-lach dlameter tubes, about 6{aches tong, secured
to plpe section sized to slip over simulator lnger body

Tula "washer-like”
siinuladon of engine
"frames"placed at
gevcral statious of
slmulator on
foner and cuter walls

Figure 1. Schematic of the Proposed Aircraft Engine Nacelle Simulator for Fire Tests
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merntioned in Section 1.2.1.2, viz. no visible signs of fire for eight
seconds.
Proper operation of the fuel delivery system, including nozzles, should
be checked to assure that the fire size and intensity are roughly
reproducible in tests with similar conditions. A measurement of heat flux
density to characterize the fire is not necessary. Undue importance could
he attached to this parameter as a means to determine reproducibility of
fires while the measurement itsell could depend on a variety ol dillerent
[actors.
A baffle stabilized pan fire (residual fuel fire) simulation should be
provided with an initial 0.25 gallon of tucl at a controlled temperature of
150 °F at the beginning of the test. The fuel level should be controlled at
1.5 in. below the top of the batfle to ensuwre repeatable fire conditions.
Fuel quantity in the pan should be adjusted it nccessary in tests to define
robust fires (Section 2.4).

2.2.1.0 TFire Location
Axial location of the flaring fire must be over the surface which is at the
controlled, high temyperature (900 °F — 1300 °F) and downstream of the
simulated clutter (some clutter could be in the fire). Circumterential
location of this firc should be in the upper half of the zone.
L.ocation of the simulated residual tire (baftle stabilized pan fire) can be
chosen in the zone where convenient. Locations where the extinguishing

agent can directly impinge on for the given distribution systcm must be
avoided.

2.2.1.7 Prcburn

A preburn time 1s the time elapsed between the initiation of fire (ignition)
and the initiation of agent discharge. A minimum preburn time ol 5
seconds is required tor the spraying fire simulation,

The battle stabilized pan fire should have a minimum prcbum time of 1§
seconds.

In an aireraft installation, when the fire alarm is received an action is
witiated resulting i a sequence of events. The engine tuel supply is shut
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off first. Hot air and electrical sources may also be shut off before
activation of'the tire extinguishing system. [f the alarm occurs during the
climb phase of the flight, more than a minute may clapse belween the
alarm and the discharge o the agent. Inother cases, this elapsed time may
be shorter than a minute. For the purpose of these standards, a shorter
preburn is sclected to protect test equipinent from exposure (o repeated
intense [ires.

2.2.1.8 Agent Storage Temperature

Three agent storage temperatures will be used in different wsts to cover
the range of possible operational temperatures. Details of how these
temperatures should be used are given in 2.4
(a) 100 °1-.
A controlled bottle temperature is necessary to cosure consistent
results from the tests. ‘T'he variation in ambient temperatures
would not provide a uniform basis for comparison. This
temperature (100 °FF) will be easy to attain for bulk of the testing.
(b)--65 °F,

This condition is based on the fact that Halon (301 bottlesin some
current aireraft models could experience temperatures this low.
Halon 1301 docs not solidify at this temperature. Actual aircraft
installations will be designed for addressing the requirements
based on (he operational envelope of the aircratt. This may
translatc into a diftcrent low temperature requirement. The
alternative agent in an operating aircralt system must not be
stored at temperatures lower than the lowest tested temperature
which resulted 1 a satistactory fire extinguishing pertormance.
(¢) 200 °F.
This condition is based on some installations tor the APU fire
extinguishing systems where such high temperatures are
possible.

2.3 Fuels

Perform tests with all the appropriate test conditions speceiticd in 2.2 using
the following luels:

(a) aviation engine fuel (turbine fuel, Avgas)

(b) engine lubricating oil

(¢) hydraulic fluid
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2.4 'fests

‘The agent evaluation tests for any given test apparatus will have two parts. Inthe
first part, the current level of safety will be defined in terms of Robust Fires. The
sccond part of tests will be agent evaluation using the robust tires defined in the
first part.

A Robust Fire is a diagnostic test fire which establishes the current level of safcty
provided by Halon 1301 as follows:

(a) The standard Tlalon 1301 distribution conditions are 6 % volumetric
concentration in all parts of the fire zone for 0.5 scconds.

(b) The standard distribution conditions must be achieved with the bottle
ternperature at -65 °F.

(¢) Arobust fire will be extinguished in 70-90 % of repeated fire tests with standard
distribution of [Ialon 1301, (a).

(d) Robust fires will be determined with the agent stored at 100 °L-,

(c) At least five tests with identical conditions must be performed to determine the
probability of successtul fire extinguishment.

A success rate of 70-90 % is chosen to define the robust fire because it assurcs that
the fire threat is sufticiently large foreven Halon 1301 to be unsuccesstul in some
case.

2.4.1 Robust Fire Characterization

‘This series of tests will establish physical test parameters Lo characterize
robust fires with Halon 1301 as the extinguishing agent.

2.4.1.1 [lalon 1301 Standard Distribution

Develop and implement an agent distribution system for halocarbon
agents which will assure [Talon 1301 volume concentration of 6 % tora
minimum of 0.5 second and a maximurn of | second throughout the fire
zone ol the test apparatus. The maximum concentration of [Talon 1301
should not exceed 8 % in any location and the minimum concentration
should not be greater than 6.6%. Replicate the distribution performance
inthree consecutive tests. This distribution should be achievable with the
Halon 1301 bottle temperature of —6S ©F.
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After achieving successful distribution with agent bottle at =05 °F, keep
the agent mass the same and repeat the concentration measurement tests
with the bottle temperature at: (a) 100 °I° and (b) 200 °[F,

2.4.1.2 Halon 1301 Fire Tests

Select test conditions as specified in Section 2.3 and conduct fire tests to
achieve at least two combinations of test conditions resulting in robust
fires. Perform these tests with the [Tafon 1301 bottle at 100 °f< While
covering the range ol test conditions, begin with the values likely to
provide more ditficult fires to extinguish. For example, begin with fuel
tlow rate of 1 gpm, surface temperature ol [300°F and airllow ratc ot 2.5
bim/sec. Modity the valucs appropriately, if Halon 1301 (ails to achieve
the required success rate. Lower the surface tempceralure only as a last
resort, atter changes in other physical parameters tail to produce required
success rute with Flalon 1301, Where the prescribed range specifics at
least two selections one each [rom a sub—range, selections trom each
sub~range should be made. These tests could provide more than just two
combinations of test conditions cefining robust fires. Identify at least two
robust fires with test fuel from two different categorics indicated in
Section 2.3.

There should be at least onc baftle stabilized pan (ire which can be
defined as a robust fire.

Proccdure:

The tests should be performed using the tollowing gencral procedure.,

1. Select the test conditions and prepare the test equipment.

2. After attaining the desired level of stcadiness with the test conditious,
initiate the fuel (combustible fluid) flow and ignite the fire.

3. While observing the fire, let the preburn time elapse.

4. Initiatc the agent discharge, obscrving its cffect on the [re. Record the
time for discharge of the system and extinguishment of the fire.

5. If the fire is extinguished and remains so for cight seconds
continuously, the agent is successtul in extinguishing the fire,

6. It the fire 1s not extinguishied, the agent has failed.
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Perform tests with different conditions undil at lcast the requircd number
of robust fires have becn defined.

2.4.1.3 Additional Halon 1301 Fire Tests

Repeat the test conditions tor robust fires identified in 2.4.1.2 with bottle
temperatures: (1) —65 °Fand (b) 200 °F. [f the success rate is less than 40
%, repeat tests with different test conditions which satisly the robust fire
definition until a success rate of 40 % or better is achieved with bottle
temperatures: (a) =65 °F and (b) 200 °F,

2.4.2 Alternative Agents Evaluation

These tests will be performed in a manner similar to tests described in 2.4.1
but with well defined test conditions (that is the conditions defining robust
tircs). They will ditter in that the quantity of agent required in different tests
would be subject to estimates and trials.

2.4.2.1 Alternative Agents Fire ‘lests

Alternative agents shall be evaluated against the robust (ires defined in
Section 2.4.1.2. BEstimated quantitics of the agent for different test
conditions will be used initially and adjusted subscquently based on the
performance of the agent.. Test procedure will be similar to 2.4.1.2.
Agents must be tested using at least two robust fires in the spray fire
catcgory and a robust battle stabilized pan fire.

‘The alternative agent evaluated in this manner will be considercd tohave

an equivalent level of satety as Halon 1301 1f its probability of success
in extinguishing fires is equal or superior to that ol Halon 1301.

In addition, fuels not covered by the robust fires can be qualificd if a
successtul extinguishment of a battle stabilized pan fire with those fucls
is demonstrated.

If the alternative agent cannot perform with storage temperatures of
~065 °F or 200 °F, the range of temperature in which it can perform should
be established. The agent will then be qualified to be cttective within that
storage temperature rangc only.
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2.4.2.2 Alterative Agents Distribution

Tests to determing the agent concentration will be necessary to provide
a basis for specific system design and the performance criteria forsystem
validation tests. In these tests, determine the agent concentration profiles
and lhistories while duplicating conditions corresponding to  the
successful extinguishments of robust fircs. These concentration
measurements should encompass all conditions necessary (o establish
the operational range of storage temperatures.

Enough tests should be conducted and results evaluated to develop a
consistent correlation between the agent quantity, agent concentration
and agent distribution.
Conelusion
The Minimum Pertormance Standards described herein should lead to an accurate
defmition of fires likely to occur in aircraft engine installations which can be
currcntly extinguished with [Talon 1301 providing the currently acceptable level
of safety. Evaluation of altcrnative agents against these standards is expected (o
lead to the development of performance criteria (or aircraft engine and APU fire
extinguishing systems based on these agents. Subsequently, advisory material for
the alternative agents should be developed. This will ensure that the current level
of lire safety will continue to be maintained in future for aireralt engine and APU
installations.
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AGENDA
INTERNATIONAL HALON REPLACEMENT WORKING GROUP NMEETING
July 16-17, 1996
Held at the FAA Technical Center, Atlantic City Airport, New Jersey

TUESDAY, JULY 16, 1996

8:30-8:45 Introduction/Background/General Information
8:45-9:00 Review of Minutes of March 26-27, 1996 Meeting
9:00-9:15 Schedule for Halon Replacement Program
9:15-12:00 Subgroup Leader Reviews/Presentations

9:15-9:45 Cargo - Full Scale Testing
Water Mist
9:45-10:156 Engine - Full Scale Testing

10:15-10:30 Break

10:30-11:00 Handheld
11:00-11:30 Lavatory

11:30-12:00 Discussion on Handheld Minimum Performance Standard
12:00-1:30 Lunch

1:30-2:00 General Tour and Walkthrough of Test Facilities in Bldg. #287 & #275
2:00-3:00 Opportunity for Specific Questions at Each of the Test Areas
3:00-3:30 Final Discussion on Cargo

3:30-4:00 Final Discussion on Lavatory

4:00-4:30 Final Discussion on Handheld

4:30-5:00 Final Discussion on Engine

5:00 Adjourn for Day

WEDNESDAY, JULY 17, 1996

8:30-9:00 - Comments on Published Reports/Status of Unpublished Reports

- Published April 1996 - “User Preferred Fire Suppression Agent for Lavatory Trash
Container Fire Protection”, Report # DOT/FAA/AR-96/8

- Pending Reports:
e
Update to “Chemical Options to Halon For Aircraft Use” - B. Tapscott / “-’:@ff
At Editor "User Preferred Fire Extinguishing Agent for Cargo Compartments"/‘ '
At Editor “User Preferred Fire Extinguishing Agent for Engine and APU
Compartments”

8:00-10:30  Task Group Leader Presentations/Updates
Cargo Detection False Alarm Survey - J. O’Sullivan

Halon Restrictions Update - J. O’Sullivan
Agent Concentration - D. Dierdorf



10:30-10:45 Break
10:45-12:00 Discussion on Engine Minimum Performance Standard
12:00-1:00 Lunch
1:00-1:30 Continue Discussion on Minimum Performance Standards
1:30-2:00 Additional Discussion
2:00-4:00 Working Group Member Presentations
- Albert Moussa (Blaze Tech) 20 minutes on “The Simulation of

Clutter in Fire Suppression Tests in Aircraft Bays”

4:00-4:30 Next Meeting/Closing



